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ABSTRACT

Cohort analysis (Pope 1972) was used to examine the abundance of Pacific

herring in the eastern Bering Sea between 1959 and 1981. The results of the

analysis show that herring abundance declined through the 1960's, going from a

high of 1.7 million t in 1962 to 153 thousand t in 1973. Since 1973 herring

abundance has been increasing.
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INTRODUCTION

Pacific herring (Clupea harengus pallasi) of the eastern Bering Sea have

been exploited since 1959, first in a winter food fishery by Japanese and

Soviet fisheries and in more recent years by a U.S. spring-summer roe fishery.

Very little quantitative fishery or research data is available prior to the

establishment of the United States fishery conservation zone. An unpublished

manuscript, Naumenko (1979), was presented by Soviet scientists at the 1979

U.S.-U.S.S.R. bilateral scientific discussions which contained data and

analyses based on Soviet fisheries from 1960-78. He determined that the

average spawning biomass during 1961-78 was 289 thousand metric tons (t)

and ranged between 133 and 445 thousand t.

Naumenko's analysis cannot be totally validated, as some of his proce-

dures and assumptions were not clearly defined and some of the basic data used

in the analysis were omitted. However, data in his paper can be used to examine

the history of eastern Bering Sea herring. This report summarizes the results

of a cohort analysis (Pope 1972) utilizing Soviet and Alaska Department of

Fish and Game (ADFG) age composition data.

METHODS

Cohort analysis estimates the population abundance of a year class in

preceding years using catch data and natural mortality (M) estimates. The

catch data used are those contained in the Bering Chuckchi-Sea herring fishery

management plan (North Pacific Fishery Management Council 1982). Catches

from 1959-77 were converted from weight (t) to numbers (Table 1) by dividing

the catch by the estimated annual mean weight. The estimated total number of

herring in the catch were then apportioned to age using the catch age composi-

tion (Table 2). Annual mean weights were estimated by multiplying the catch
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Table 1 .--Catch (number of fish) of Pacific herring in the Bering-Chukchi Sea,
1959-81.



Table 2 .--Catch-age composition, and mean weights for eastern Bering Sea Pacific herring, 1959-81.
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age distribution by age specific weights derived from a regression of weights

collected during the 1978-81 roe fisheries on age (Clark 1978; McBride et al.

1981)(Figure 1). Catches from 1978 to 1981 were distributed using age composi-

tion and weight data reported by Clark (1978), McBride et al. (1981), and

unpublished ADFG data reports.

The second set of input data, natural mortality rates (M), are not well

defined for eastern Bering Sea herring. An approximation of average natural

mortality can be obtained using the Alverson and Carney (1975) procedure which

estimates M by:

where k is the Von Bertalanffy growth coefficient.

Using k = 0.35 computed from back calculated length-at-age data (Shaboneev

1965) obtained when stocks were near virgin levels , and maximum observed age =

15 years, the estimate of average instantaneous natural mortality = 0.39.

Regression analysis of catch composition data (x = age, y = 1n [catch

age xl) resulted in a total instantaneous mortality (Z) estimate of 0.57

(r2=.90) for ages 4-12 during 1959-81. Subtracting the estimated instan-

taneous natural mortality rate (.39) from these estimates indicates that

fishing mortality was 0.18 or 32% of total mortality in fully recruited ages.

Age specific estimates of Z were estimated from the mean catch composi-

tion of ages 4-12 as the 1n (Ni/Ni-l). The estimated Z for age 5 was

extremely low because of its inordinately high catch proportion in 1980

due to failure of younger fish to enter the fishery in that year. An expo-

nential regression was fitted to the age specific Z estimates following the

adjustment for age 5 (Figure 2). Age specific natural mortalities were
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Figure 1. --weight-at-age relationship derived from variable mesh gillnet
samples of Pacific herring collected by Alaska Department of Fish
and Game in the Togiak area of Bristol Bay during the spawning
period in 1978-81.
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Figure 2 .--Age specific estimates of total mortality (Z) derived from the
1959-81 catch of Pacific herring in the eastern Bering Sea. Rates
for ages l-3 are assumed rates.
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estimated from fitted total mortality by assuming that fishing mortality

accounted for 32% of total mortality during the period of analysis. For ages

l-2, fishing mortality (F) was assumed to be zero and M for ages 1-3 was

assumed equal to 0.25. Decaying a cohort by these rates shows maximum cohort

biomass at age 5 (Table 3). A maximum at age 5 indicates that the estimated

rates are too low at least for ages 1-4, since cohort biomass peaks at age 3

and catches are observed to peak at age 4 (Naumenko 1979; North Pacific

Fishery Management Council 1982).

To run a cohort analysis, estimates of F must be supplied for the oldest

age of a year-class (Table 4). This involves all ages in the last year and

the oldest age in prior years. For the last year, 1981, initial terminal F

values of 0.10 were used for all ages. In subsequent runs, F values were

adjusted until the age distribution of the population estimate equalled the

age distribution of weighted 1981 ADFG test fish samples. The weighted age

distribution was derived by weighting the distribution of each sample (spawning

area) by sample size. The weighted test fish samples were further modified by

maturity rates (1959-77 averages) to adjust for fish not recruited to the roe

fishery. The estimate of F for the last age of a year class in the catch was

set equal to the value computed for the immediate younger age in the same year

based on the assumption of equal catchability.

The actual cohort analysis is number based and results are in numbers

of fish. However, to increase the comprehension of the output, estimates in

numbers were converted to biomass using regression derived weights (Figure

1). Spawning biomasses were also calculated by multiplying the biomass at

age in each year by the corresponding maturity rate reported by Naumenko

(1979)(Table 5).



Table 3.--Age specific estimates of total mortality (Z), natural mortality (M),
and the distribution of numbers (N) and biomass of a cohort of
Pacific herring decayed by these rates of natural mortality.

1/ Ages 0-3 assumed rates

2/ Weight at age from Alaska Department of Fish and Game test fishing
samples

No(1-e-m)
3/ Biomass =

M
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Table 4. --Estimates of fishing mortality (F) of eastern Bering Sea Pacific
herring by age group within year.



Table 5 .--Age specific maturity for ages 1-12 for eastern Bering Sea Pacific herring [Naumenko (1979)].

1/ Pates for 1979-81 are assumed rates which are the 1959-78 average rates.
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RESULTS AND DISCUSSION

The results show a decreasing trend in abundance to a low in 1973 and

then an increasing to stable trend through 1981 (Tables 6 and 7). Estimates

of total biomass ranged from a high of 1.73 million t to a low of 153 thousand

t. Estimates of spawning biomass ranged from 80 thousand t to 1.45 million t.

The results confirm that herring abundance was much greater in the late

1960's than in the late 1970's and that a rapid decline occurred in the early

1970's, apparently due to overfishing, a series of weak year-classes (1968-71),

and the demise of the very strong 1957 and strong 1956 and 1958 year-classes.

Examination of abundance at age in recent years indicates the fishery

has been supported by the 1972-74 year-classes. It appears that the 1975 year-

class was extremely weak, and the 1976 only slightly better, while the 1977

year-class appears to be of the same order of magnitude as those in 1972-75.

Abundance of the 1978 year-class appears to be weak based on 1981 catches of

age 3 fish and the assumption that 43% of the year-class recruited to the

spawning population. Adjusting the 1981 observed frequency of age 3 herring

in ADFG test net samples by the lowest observed maturation at age 3 (3% in

1972, Table 5) results in an estimate of abundance about equal to the 1977

year-class which means that the 1978 year-class could be significant in coming

years. However, length-frequency data collected by U.S. observers indicated

an increase in the mean length of herring in the second half of 1981 which

supports the possibility of reduced age 3 abundance (Table 8).

The abundance estimates resulting from this analysis should not be con-

sidered to be absolute because of the uncertainty of natural mortality rates.

The natural mortality rates utilized are very low with respect to rates recorded

in southeastern Alaska (Skud 1963) and British Columbia (Tester 1955). The use

of lower than actual natural mortality rates in cohort analysis produces low
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Table 6 .--Estimated numbers (billions), by age group, for Pacific herring in
the eastern Bering Sea, 1959-81.
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Table 7 .--Estimated biomass (1,000 t) of Pacific herring in the eastern Bering
Sea by age group, total biomass, and spawning biomass, 1959-81.

Sp.B. = Spawning biomass.



Table 8 .--Trend of Pacific herring mean fork length and modal length
in the foreign trawl fishery in the eastern Bering Sea, 1976-77
to 1981.
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estimates of abundance; therefore, the results presented should be considered

minimum estimates of abundance, since it is likely that natural mortality rates

are somewhat higher. The fit of estimated numbers-at-age from cohort analysis

to 1979-80 maturity adjusted ADFG test fishing samples was good (Table 9).

The number of fish at age computed by the cohort analysis is more dependent

on M than the terminal F values in these years, therefore, differences

between calculated and observed values would be due to errors in natural

mortality estimates. The only severe discrepancies were for the 1976 year-

class at ages 3 and 4 which appears to be due to underestimation of the rate

of maturation. The observed and calculated frequency of age 6 in 1979 also

differed, but the reason is unclear. These comparisons indicate that natural

mortality rates for fully recruited fish are near those used in the analysis.
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Table 9 .--Comparison of cohort analysis estimated number of Pacific herring by
age in percentage to test fishing samples collected on the spawning
grounds.

l/ Number at age from each fishing district was weighted by district proportion
of total sample size and summed over all areas. Total number of age 2
were divided by 0.06 (average proportion mature at age 2), age 3 by 0.43,
age 4 by 0.86, and age 5 by 0.97. Percentages were computed from this
adjusted distribution.
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